Abstract: Many studies report mixed results on the influence of invasive plants on native animals, partly due to uncertainties about habitat preference and reproductive performance in native animals before and after plant invasion. We used vegetation surveys 20 years apart and 18 years of breeding data from Song Sparrows (Melospiza melodia (A. Wilson, 1810)) to compare nest-site preference and reproductive performance during the colonization of Mandarte Island, British Columbia, by one shrub species native to the region but historically absent from the island (red elderberry, Sambucus racemosa L.) and another species that is exotic to North America (Himalayan blackberry, Rubus armeniacus Focke = Rubus bifrons Vest). Nest-site preference declined where red elderberry increased but was unrelated to change in the cover of Himalayan blackberry. Song Sparrows nested in trailing blackberry (Rubus ursinus Cham. and Schltdl.) and its exotic congener Himalayan blackberry in preference to two common shrubs native to Mandarte Island (Nootka rose, Rosa nutkana C. Presl; snowberry, Symphoricarpos albus (L.) S.F. Blake) and built just 1 of 1051 nests in red elderberry. In contrast, reproductive performance was similar in all shrub species used regularly as nest substrates. Our results show that Song Sparrow nest-site preference and reproductive performance were independent of plant species origin.
Introduction
Invasive plants are recognized as threats to many native plant and animal communities (Mack et al. 2000; D'Antonio and Meyerson 2002) but may also benefit animals that use them as habitat (Cook and Toft 2005; Gleditsch and Carlo 2011; Rodewald and Arcese 2016) . As a result, studies of the effects of invasive plants on habitat preference and reproductive performance (i.e., number of young produced) in focal native animal species often report mixed results (Schmidt and Whelan 1999; Remeš 2003; Cook and Toft 2005; Schlossberg and King 2010; Pyšek et al. 2012; Meyer et al. 2015) , which can complicate management decisions (Rodewald 2012) . Some of this uncertainty may arise because many studies of the effect of plant species invasion on native animals are cross-sectional or based on systems in advanced stages of invasion, whereas fewer compare the habitat preference and reproductive performance of a focal animal species in the same sites before and after plant invasion. Such comparisons have the advantage of controlling for the possibility that site-specific differences in quality drive plant species invasion and animal preference and performance indepen-dently. We addressed this uncertainty by using 18 years of detailed data from an island Song Sparrow (Melospiza melodia (A. Wilson, 1810) ) population to ask how nest-site preference and reproductive performance changed over a 20-year period characterized by dramatic increases in invasive shrub cover.
Exotic plants are often removed to restore historically extant plant communities (Wittenberg and Cock 2001; , but doing so may facilitate invasion by species even more detrimental to native communities, thwarting management goals (Reid et al. 2009; Kettenring and Adams 2011) . Moreover, without reliable predictions about how historically extant versus invasive exotic or native plants affect the abundance or reproductive performance of focal animals, it becomes possible that removing invasive plants may adversely affect focal animals that have come to rely on exotic or invasive plants as habitat (Chen 2001; Zavaleta et al. 2001; Cook and Toft 2005) . Prescriptions for exotic invasive plant species removal therefore depend on multiple factors related to management goals and species interactions (Hobbs et al. 2009; Rodewald 2012) , particularly when threatened focal species are involved (Sogge et al. 2008; Gleditsch and Carlo 2011; Casazza et al. 2016) . For native birds, assembling such evidence requires us to quantify habitat preference and reproductive performance of focal species in historically extant and invaded plant communities (Arlt and Pärt 2007; Rodewald et al. 2011; Blackburn et al. 2014) .
We studied the response of Song Sparrows inhabiting critically endangered Garry oak (Quercus garryana Douglas ex Hook.) and maritime meadow habitats in western Canada (GOERT 2011) to the invasion of an exotic and a regionally native shrub species that colonized Mandarte Island after 1963 (Lameris et al. 2016) . Specifically, we used detailed monitoring data from two 9-year periods coincident with the vegetative cover of the island based on surveys spaced 20 years apart to determine (i) if changes in nest-site preference matched changes in the cover of historically extant (hereafter "native") versus colonist shrub species, (ii) the preference of Song Sparrows for native versus colonist shrub species as nesting substrates, and (iii) the reproductive performance of nests initiated in native versus colonist shrubs, using 18 years of detailed data on the fate of all nests initiated annually in our study population. By comparing preference and reproductive performance in native and colonist shrubs, we offer new insights on the effects of plant invasion on native birds to enhance conservation in this federally endangered plant community. By comparing nest-site preferences and reproductive performance in the same sites before and after plant species colonization, we control for the possibility that site-specific differences in quality drive variation in plant species cover and site preference and performance independently.
Materials and methods

Study system
A resident population of Song Sparrows has been monitored continuously since 1975 on Mandarte Island (ϳ6 ha), British Columbia, Canada, which also hosts endangered Garry oak and maritime meadow plant communities (Smith 2006; GOERT 2011; Lameris et al. 2016 ). Mandarte Island is covered by bare rock, grassy meadows, and shrubs (see below) that range from 0.5 to 4 m in height. Song Sparrows are geographically widespread and locally abundant, but represent an archetypical open-cup nesting species that is an ideal model for investigating the effects of environmental variation on population growth and individual fitness (e.g., Arcese et al. 2002; Wilson and Arcese 2003; Marr et al. 2006; Germain et al. 2015) . Specifically, we focus here on nesting data gathered in two periods representing early (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) ; hereafter "early invasion") and late (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) ; hereafter "late invasion") stages of plant species invasion. In each of these years, we intensively monitored all breeding pairs (re-sighting probability ≈ 1; Wilson et al. 2007 ), located all nests initiated by all females present on the island (Smith 2006; Germain et al. 2016) , and mapped the location of all nests using an internal coordinate system overlaid on a 1975 air photo (Germain and Arcese 2014) . We also recorded the identity of the shrub species comprising the primary nest substrate (i.e., that mainly supported the nest). Song Sparrow nest sites are variable throughout their breeding range in North America, but are most commonly found low in shrubs (Arcese et al. 2002) . On Mandarte Island, Song Sparrow nests are almost always placed in or immediately adjacent to shrub, and are often concealed by grass and herbaceous plants (Smith 2006; our observations) .
All nests were monitored every 3-5 days after their discovery (typically during early incubation) to record the number of chicks hatched, banded (approximately day 6 after hatch), and fledged (approximately day 10 after hatch; for details see Smith 2006) . Nest predation is relatively low in this system in the absence of Brownheaded Cowbirds (Molothrus ater (Boddaert, 1783)), which account for ϳ11% of nest failure in years when they are common (Arcese et al. 1996) . In the absence of Brown-headed Cowbirds (see below in the section Statistical analyses), the majority of nest failure is attributed to female abandonment due to inclement weather, inbreeding, and the interaction of these factors .
We estimated nest-site preference in the early and late invasion survey periods using a series of 20 m × 20 m grid cells continuously distributed over the island (see Germain and Arcese 2014) . Nest-site preference was measured as the mean fraction of all nests initiated annually that occurred in a given grid cell (Germain and Arcese 2014; Germain et al. 2015) . This metric provided a single estimate in each survey period of the mean proportion of nests occurring in each cell while accounting for annual variation in the total number of nests initiated. Prior analyses confirm the absence of spatial autocorrelation in preference among grid cells (Germain and Arcese 2014; Germain et al. 2015) .
Himalayan blackberry (Rubus armeniacus Focke = Rubus bifrons Vest) and red elderberry (Sambucus racemosa L.) each colonized Mandarte Island after 1963 (Tompa 1963; Lameris et al. 2016 ) and have since proliferated by replacing native shrubs. Himalayan blackberry is an exotic invasive species native to Eurasia, whereas red elderberry is native to the west coast of North America and can be an aggressive invader of recently colonized habitat (Hitchcock et al. 1959; Lameris et al. 2016) . Himalayan blackberry forms dense, thorny patches and is regularly used by Song Sparrows for nesting (Chase 2002; our observations) . In contrast, red elderberry is an upright shrub that is not strongly branching but forms closed canopy groves with little understory vegetation (Franklin and Dyrness 1973; our observations) .
In 1986 and 2006, we surveyed 132 grid cells (20 m × 20 m each) distributed across the island to estimate the cover of each of 11 common woody perennials (following Germain and Arcese 2014). The percent cover of each species was estimated to the nearest 5% for each grid cell based on visual inspection from an elevated position. All surveys were conducted by or under the direct supervision of P.A. We focus here on 113 grid cells that contained at least one Song Sparrow nest in the 4 years prior to and following each vegetation survey, under the assumption that the percent cover of each shrub species in these years would be similar to that observed in the year of the vegetation survey. This approach created two 9-year periods centered on each of two vegetation surveys, which together included 1051 Song Sparrow nests (early invasion: n = 666; late invasion: n = 385). We further restricted our analyses of shrub preference and reproductive performance to the three most common native shrub species on the island (snowberry, Symphoricarpos albus (L.) S.F. Blake; Nootka rose, Rosa nutkana C. Presl; trailing blackberry, Rubus ursinus Cham. and Schltdl.), all frequently used as nest substrates (Arcese et al. 2002; Smith 2006) , and the two most common shrub colonists on Mandarte Island (Himalayan blackberry and red elderberry).
Statistical analysis
We used R version 3.0.2 (R Core Team 2013) for all analyses. Paired t tests were used to quantify change in percent cover of each focal shrub species between the early and late invasion periods (1986 and 2006 vegetation surveys) . We normalized cover estimates via logit transformation, removing zeros by increasing the percent cover of focal species in each grid cell by its respective minimum nonzero value (Warton and Hui 2011) . To test if nest-site preference varied with percent cover of each shrub species, we used multiple linear regression and an information-theoretic approach to determine if change in percent cover of focal shrub species in each grid cell predicted change in Song Sparrow nestsite preference. We did not include total focal shrub cover as a predictor of Song Sparrow nest-site preference (to account for a preference of shrub cover in general), because it was correlated with the cover change of snowberry and Nootka rose (r ≥ 0.5). Estimates of percent-cover change were z-standardized (i.e., (X -X mean )/SD) to allow for direct comparison of the relative contributions of each shrub species to habitat preference in each survey period (White and Burnham 1999) ; none were strongly correlated (r ≤ 0.27). We fitted a total of 32 models (all possible combinations of each of our five shrub species), selected those within ⌬AIC ≤ 2 (where AIC is Akaike's information criterion) from the bestsupported model, and then averaged parameter estimates from this top-models subset (Burnham and Anderson 2002) . Because of the length of our study and the relatively short lifespan of individuals in this population (mean lifespan of each sex ϳ2 years; Smith et al. 2006) , site fidelity of pairs using the same grid cells over multiple years is unlikely to affect our results (Germain and Arcese 2014) .
To test if native and colonist shrubs were used as nest substrates more or less often than expected by their availability (hereafter "substrate preference"), we calculated expected distributions of use by multiplying the total percent cover of each of our five shrub species across all grid cells in each vegetation survey by the number of nests initiated in each 9-year survey period. We used maximum likelihood ratio tests (G statistic; Sokal and Rohlf 1981) to test for heterogeneity in the distribution of nests with respect to available shrub cover, wherein substrate preference was estimated as the ratio of the observed-to-expected number of nests in each shrub species and where values >1 indicated preference.
We tested if the reproductive success (measured as the number of offspring fledged from a nest) of Song Sparrows nesting in native versus colonist shrubs differed using a hurdle model (pscl package; Zeileis et al. 2008) , with shrub species and survey period as predictors. Hurdle models (zero-altered models) account for the zero-inflation caused by a high proportion of failed nesting attempts (412 of 1051 nests; 39%) by decomposing reproductive performance into two parts: (1) a binomially distributed generalized linear model (GLM) to estimate the probability of survival to fledging (≥1 fledged offspring) and (2) a Poisson-distributed GLM to partition the residual variance in the number of offspring fledged from successful nests (range 1-4). The product of these model estimates (hereafter "reproductive performance") equals the predicted number of offspring fledged for nests using each focal shrub species as a primary substrate. We excluded red elderberry from this analysis because only 1 of 1051 total nests occurred in this species. Parameter estimates were back-transformed to estimate the probability of fledging at least one offspring, the mean number of offspring fledged from successful nests, and the expected number of fledglings per nest by shrub species and survey period (Zuur et al. 2009 ). Survey period was included to account for variation in nest success between periods, mainly due to nest predation and parasitism by Brown-headed Cowbirds in the early survey period (Arcese et al. 1992; Arcese and Marr 2006) , whereby Brown-headed Cowbirds were present in 8 of the 9 years of monitoring data that coincided with the early invasion period, but only 4 of the 9 years used for the late invasion period.
Results
The combined cover of our five focal shrub species comprised >75% of all shrub cover on Mandarte Island in each survey period (Table 1) . The mean percent cover of all focal shrubs on Mandarte Island was similar in 1986 (35%) and 2006 (32%) (paired t test, t [112] = 1.81, P = 0.074; Table 1 ). However, the cover of all three native focal shrubs declined significantly from 1986 to 2006 (paired t tests, P < 0.001; Fig. 1 ), with these species accounting for 92% of total cover in 1986, but just 58% of total cover in 2006 (Table 1, Fig. 1 ). In contrast, the total cover of Himalayan blackberry and red elderberry increased dramatically over the same period (4%-31% and 3%-10%, respectively; paired t tests, P < 0.001; Table 1, Fig. 1 ).
Nest-site preference by Song Sparrows declined significantly in cells where the cover of colonist red elderberry increased from 1986 to 2006 (Table 2 ). In contrast, preference increased in cells where the cover of native trailing blackberry increased, but remained unchanged with respect to change in the cover of all other focal shrubs (Table 2) . Overall, change in the percent cover of snowberry, trailing and Himalayan blackberries, and red elderberry accounted for 11% of observed change in nest-site preference from 1986 to 2006 (global model: R 2 = 0.11). Of 32 models fitted, 6 models were within ⌬AIC ≤ 2 of the top model (cumulative AIC weight = 0.67), but none of these included change in Nootka rose as a factor affecting nest-site preference (Table 2) .
Song Sparrows strongly preferred to nest in trailing and Himalayan blackberries, but nested in snowberry and Nootka rose about as often as expected by their occurrence in each survey (Table 3 ). In contrast, Song Sparrows built only one nest in red elderberry (Table 3) . Overall, the observed and expected use of focal shrubs for nesting varied significantly between the early and late invasion periods (G [1, 5] = 41.2 (early invasion) and G [1, 5] = 49.1 (late invasion), P < 0.001).
Reproductive success of Song Sparrows was similar in all focal shrub species, excluding red elderberry, where just one nest was detected and failed (Table 4) . However, large standard errors around each estimate of reproductive success imply that no focal species conferred a statistically significant advantage or disadvantage to nesting Song Sparrows.
Discussion
Understanding the effects of invasive plant species on focal animals is necessary to make informed decisions about invasive species management, but it requires that we can reliably predict how habitat preference and individual reproductive performance differ in historically intact versus invaded plant communities. We estimated nest-site preference and reproductive performance in Song Sparrows that resided year-round on a single small island during early and late stages of its invasion by two shrub species that were absent from the island prior to 1963 (Lameris et al. 2016) . We found that Song Sparrows avoided sites in which the cover of red elderberry increased, a species that is native to the area but colonized Mandarte Island after 1963. In contrast, Song Sparrows were indifferent to change in the cover of Himalayan blackberry, which is exotic to North America but also colonized the island after 1963. Song Sparrows responded positively to increases in the cover of trailing blackberry, a native congener of Himalayan blackberry that was the most preferred shrub species by nesting females among the five species that we studied (Tables 2, 3) . However, we found no significant difference in the reproductive performance of Song Sparrows based on shrub species identity (Table 4) . These results indicate that shrub species identity was less influential of nest-site preference and performance in Song Sparrows than other factors, perhaps including microsite quality (Germain et al. 2015) or shrub architecture (see below). These results further suggest that increases in the cover of trailing blackberry in a site will enhance the chance of Song Sparrow occupancy, whereas increases in red elderberry will reduce it (Table 2) .
There is growing consensus that researchers should seek to understand multiple effects of invasive plants on native animal communities before recommending management actions (e.g., Rodewald 2012; Schlaepfer et al. 2012) . In particular, although many studies explore the effects of invasive plants on habitat preference and reproductive performance in animals, few use experimental or before and after invasion comparisons to test whether site preference or reproductive performance varies with the proliferation or removal of invasive plants (but see Rodewald et al. 2015) . Song Sparrows on Mandarte Island maintained their preference for nesting in trailing blackberry despite the invasion by an exotic congener, Himalayan blackberry (Table 3) . However, Song Sparrows preferred both native and exotic Rubus species over three other shrub species used as nest substrates (Table 3 ). In particular, Song Sparrows avoided sites where the cover of red elderberry increased and rarely used it as a nest substrate (Table 2 , Fig. 1 ). Song Sparrows may have avoided red elderberry because its architecture may not be suitable for nesting. Red elderberry has an upright, unbranched structure that contrasts with the denser, branching structure of Nootka rose, snowberry, trailing blackberry, and Himalayan blackberry (Hitchcock et al. 1959; our observations) . Trailing and Himalayan blackberries and Nootka rose also produce thorns that may impede predators (Cook and Toft 2005; Schmidt et al. 2005; Zanette et al. 2011) . Although Song Sparrows experienced similar reproductive performance when nesting in Himalayan blackberry, trailing blackberry, snowberry, and Nootka rose (Table 4) , Cook and Toft (2005) found that Tricolored Blackbirds (Agelaius tricolor (Audubon, 1837)) performed better in upland habitat dominated by Himalayan blackberry than in sites dominated by native wetland plants. Overall, because Song Sparrows exhibited a preference for nesting in Himalayan blackberry (Table 3) , but did not suffer reduced reproductive success when nesting in that species compared with three species of native shrub historically present on Mandarte Island (Table 4) , our results indicate that exotic Himalayan blackberry does not represent an "ecological trap", in contrast to systems wherein native birds prefer to nest in exotic plant species that appear to reduce reproductive success (e.g., Schmidt and Whelan 1999; Remeš 2003; Borgmann and Rodewald 2004; Rodewald et al. 2011; McChesney and Anderson 2015; Hollander et al. 2015) .
Management decisions ultimately depend on the goals involved, tools available, their efficacy, and the size of budgets (Arcese and Sinclair 1997; Carwardine et al. 2011) . Our study outlines some of the analyses and actions that may help refine decisions, especially to the degree that Song Sparrows offer a model for small-bodied, shrub-nesting passerines. Specifically, our results suggest that exotic Himalayan blackberry is an attractive nest substrate for Song Sparrows, but that it is neither more preferred nor productive than the native focal shrubs on Mandarte Island that typify endangered Garry oak and maritime meadow plant communities (GOERT 2011; Arcese et al. 2014) . In contrast, red elderberry is a recent invader to Mandarte Island that is native to the region (Bennett et al. 2011) but was avoided by Song Sparrows as a nesting substrate (Table 2) . Together, these results imply that removing red elderberry may lead to increased Song Sparrow nesting density as long as native shrubs re-establish themselves in removal sites. Removing Himalayan blackberry should also have no deleterious effect on Song Sparrow density or reproductive performance as long as removal sites are re-established by native species regularly used by Song Sparrows as nesting habitat, such as snowberry, Nootka rose, and trailing blackberry. Because Himalayan blackberry is an aggressive invader (Table 1, Fig. 1 ; Bennett et al. 2011; Lameris et al. 2016 ) that is well known to displace culturally significant plant species that are iconic members of imperiled Garry oak and maritime meadow ecosystems (GOERT 2011; Arcese et al. 2014) , its removal is consistent with the goal of restoring Garry oak and maritime meadow ecosystems (Fuchs 2001; GOERT 2011) as long as managers ensure that its removal does not facilitate the expansion of undesirable species with detrimental impacts on other focal species or communities. 
